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IN TRO DUC TION

The bed rock ge ol ogy of the Gray 7.5-min ute quad ran gle
was mapped dur ing 1995 as part of  the State Geo logic Map ping
Pro gram of the Maine Geo log i cal Sur vey and the U. S. Geo log i -
cal Sur vey in the Port land 1:100,000-scale map sheet.  This re -
port ac com pa nies a bed rock geo logic map show ing the
dis tri bu tion of bedrock lithologies. 

The bed rock of the Gray quad ran gle con sists pri mar ily of
ig ne ous rocks, chiefly granitoids, that con sti tute a por tion of the
Sebago pluton of Car bon if er ous (Hay ward and Gaudette, 1984;
Aleinikoff and oth ers, 1985; Osberg and oth ers, 1985) or Perm -
ian (Tomascak and oth ers, 1996) age.  This in ves ti ga tion rec og -
nizes three abun dant va ri et ies of gran ite within the map area:
mus co vite-gar net (æ tour ma line æ bi o tite) gran ite and migmatite,
mus co vite-bi o tite (two-mica) gran ite, and bi o tite gran ite (see
also Creasy, 1996; Wise, 1995).  All three gran ites are me dium-
to coarse-grained but other tex tural as pects, most fre quently
peg ma tite, are lo cally de vel oped.  Bi o tite gran ite is youn ger than
mus co vite-bi o tite gran ite in the Gray quad ran gle.  Both bi o tite
gran ite and mus co vite-bi o tite granite intrude muscovite-garnet
granite and migmatite.

Meta mor phic rocks, chiefly bi o tite granofels and pelitic
schist, are pres ent within the south east ern part of the Gray quad -
ran gle.  Al though out crops of the meta mor phic rocks are nu mer -
ous and oc ca sion ally large (500 sq. ft) within this area, all are
in truded by mus co vite-bi o tite gran ite and bi o tite gran ite.  This
area is de marked as a mix ture of ig ne ous and meta mor phic rocks
on the ac com pa ny ing map, and likely rep re sents the north east -
erly con tin u a tion of the meta mor phic rock units pres ent to the
south west in the North Windham 7.5-min ute quad ran gle.  Bi o -
tite granofels and pelitic schist also oc cur as smaller screens or
in clu sions within gran ite and as a com po nent of migmatites.
Such oc cur rences are lim ited to the east ern edge of the map area.
A va ri ety of meta mor phic rock types are pres ent, in clud ing bi o -

tite granofels, pelitic schist, feldspathic biotite schist, and
quartzite. 

Lo ca tion and Top o graphic Set ting

The Gray 7.5-min ute quad ran gle is lo cated in Cum ber land
County, Maine.  The quad ran gle in cludes por tions of the towns
of Gray, New Glou ces ter, Po land, and North Yarmouth.  The
area is pre dom i nately ru ral to ru ral res i den tial in char ac ter, with
the ex cep tion of the im me di ate vi cin ity of the vil lage of Gray lo -
cated near the south-cen tral bor der of the quad ran gle.  The
Maine Turn pike and U. S. Route 202 trend ap prox i mately north
from the vil lage of Gray through the cen tral lowland portion of
the quadrangle. 

Most of the quad ran gle is of low to mod er ate re lief with the
high est el e va tion of 567 feet near Shaker Vil lage in the north -
west ern cor ner of the quad ran gle. The gen tle, gla cially sculpted
hills of the quad ran gle are blan keted by gla cial de pos its, but pro -
vide ad e quate out crops for prep a ra tion of a bedrock geologic
map. 

A poorly-drained low land area sub di vides the quad ran gle
into a steeper west ern por tion (west of the Maine Turn pike) with
steep, south-fac ing slopes that ex pose large bed rock out crops
and an east ern por tion (east of the Maine Turn pike) where mod -
er ate slopes are de vel oped on gla cial de pos its.  In this east ern
por tion, out crops are smaller, scat tered, and less pre dict able
from the to pog ra phy.  This low land area ex tends from Gray
Meadow, south of the vil lage of Gray, to the north erly mar gin of
the quad ran gle, al though the max i mum width of this low land is
in the cen tral por tion of the map area.  It is un der lain by Qua ter -
nary gla cial and glaciofluvial sed i men tary de pos its weakly in -
cised by Eddy and Collyer Brooks to wards the south and the
Royal River to wards the north.  A sec ond low land lies along the
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east ern part of the map area, ex tend ing north erly from the
Pineland Hospital to Cobbs Bridge, and is drained by the Royal
River.

Pre vi ous Bed rock Geo logic Map ping and Re lated Stud ies

The bed rock ge ol ogy of the Gray quad ran gle has been
mapped at 1:250,000-scale as part of the Port land 2o map sheet
(Hussey, 1985).  In the quad ran gles bor der ing the Gray 7.5-min -
ute quad ran gle, de tailed bed rock map ping is avail able for the
Ray mond (Creasy, 1996), North Windham (Hussey, 1996), and
Cum ber land Cen ter (Creasy, in prog ress) 7.5-min ute quad ran -
gles, and the Po land 15-min ute quad ran gle (Creasy, 1979).

Surficial Ge ol ogy

The surficial ge ol ogy of the Gray 7.5-min ute quad ran gle is
dom i nated by Qua ter nary de pos its of gla cial till, glaciomarine
silt and clay, and ice-con tact sand and gravel (Thomp son, 1976).
Gla cial till oc curs through out the map area at el e va tions above
300 feet.  The till is thin (less than 10 feet thick) over most of the
hills in the north west part of the quad ran gle where bed rock out -
crops are abun dant.  The east ern low land area of the quad ran gle,
drained by the Royal River, is un der lain by glaciomarine silt and
clay of the Presumpscot For ma tion (Thomp son, 1976).  The cen -
tral low land area south of Dry Mills is also un der lain by the
Presumpscot For ma tion.  How ever, to the north of Dry Mills,
this cen tral low land is un der lain by ice contact sand and gravel
(Thompson, 1976).

Meth ods Used in this Study

The pri mary data was ob tained by field study.  The top o -
graphic map and surficial geo logic map (T.K. Weddle, per sonal
com mu ni ca tion, 1995) were eval u ated for likely out crop lo ca -
tions.  These lo ca tions, pri mar ily steep top o graphic slopes, ridge
and hill crests, and stream chan nels, were the ba sis of field tra -
verses.  The lo ca tions of these tra verses and all ob served bed rock 
out crops were re corded in the field on a stan dard USGS
1:24,000-scale top o graphic map us ing land marks, el e va tion,
and, where nec es sary, sat el lite Global Po si tion ing Sys tem (GPS) 
tech niques.  Lith o logic and struc tural data were re corded at the
out crop; sam ples were col lected as nec es sary for com par i son of
dif fer ent rock units.  Ori en ta tions of struc tural features were
measured in the field at selected outcrops.

LITHOLOGY

Meta mor phic Rocks

Meta mor phosed sed i men tary rocks oc cur in the south east -
ern part and in the north east ern cor ner of the Gray quad ran gle.
In the south east ern area, they oc cur as scat tered ex po sures of
mus co vite-rich (pelitic) schist, gneiss, and migmatite, and of bi -

o tite-rich granofels (metawacke?), schist, and mi nor quartz ite.
These dif fer ing lithologies do not oc cur in spa tially dis tinct, mu -
tu ally ex clu sive ar eas, so they have not been mapped sep a rately.
Rather, the pelitic schist and gneiss and the granofels usu ally oc -
cur within sin gle large out crops,  interbedded on the scale of me -
ters.  Compositional lay er ing (ap par ent bed ding) is a com mon
fea ture of the var i ous meta mor phic rock types.  Most fre quently,
this lay er ing re sults from cen ti me ter-scale al ter na tions of pelitic
schist and bi o tite granofels, sug gest ing a me dial-dis tal turbidite
protolith.  Compositional band ing in the gneiss and migmatite
re sults from interlayering of pelitic lithology with granitoid or
pegmatite. 

The ex po sures of metasedimentary rocks also con tain
granitoids and pegmatites that ac count for up to 50% of in di vid -
ual out crops, and large ex po sures of these youn ger granitoids are 
also widely dis trib uted in ar eas where metasedimentary rocks
oc cur.  Be cause the metasedimentary rocks are al ways found to -
gether with ig ne ous rocks, the ac com pa ny ing geo logic map
shows these ar eas with a let ter sym bol for the ap pro pri ate ig ne -
ous rock type to gether with a shaded over print to in di cate the
pres ence of metasedimentary rocks.  A line is drawn on the map
to de limit the area of meta mor phic rock oc cur rence.  This bound -
ary can be traced to the south west into the North Windham and
Cum ber land Cen ter quad ran gles where it more clearly sep a rates
metasedimentary rocks to the south east from ig ne ous rocks to
the north west.  Given this re la tion ship and the lack of sig nif i cant
meta mor phic rocks to the north and west in the Gray quad ran gle,
this bound ary may mark the regional contact of the Sebago
pluton in the Gray quadrangle. 

Along the east ern and north east ern mar gin of the map area,
meta mor phic lithologies are gen er ally lim ited to small, dis con -
tin u ous outcroppings and as pla nar fab ric el e ments within fo li -
ated gran ite and migmatite.  These oc cur rences can not be
ad e quately rep re sented at the scale of the ac com pa ny ing geo -
logic map.  These oc cur rences are typ i cal of the con tact zone of
the Sebago pluton as de scribed by Creasy (1979) in the Poland
15-minute quadrangle.

The rock types and con ti nu ity to the south west sug gest that
these metasedimentary rocks cor re late in gen eral with rocks of
the North Windham quad ran gle, and are there fore of Si lu rian to
Or do vi cian age (Hussey, 1985, 1996). 

Pelitic Schist, Gneiss, and Migmatite - This rock type is
ex posed on hill 346 north west of Gray Sta tion, south east of Gray 
sta tion, on the hill west of Route 231 in North Yarmouth near the
Na tional Weather Ser vice fa cil ity, and east of Route 231 north of
the Pineland Hos pi tal.  Mus co vite, bi o tite, and quartz  oc cur in
subequal pro por tion and to gether con sti tute the ma jor ity of the
rock.  Small amounts of gar net are pres ent in cer tain ho ri zons
and fibrolitic sillimanite is ten ta tively iden ti fied in some sam -
ples.  With in crease in abun dance of gra nitic and peg ma titic
leucosome, this unit grades into migmatite. 

Bi o tite Granofels and Schist - This rock type is well ex -
posed as pave ment out crops on hill 281 east of Gray Sta tion and
north of the Pineland Hos pi tal prop erty.  This rock has a me -
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dium-grained granoblastic to schis tose tex ture and con sists of
quartz, bi o tite, and feld spar.  The ra tio of quartz + feld spar : bi o -
tite var ies con sid er ably within lay ered sec tions or be tween out -
crops and is re spon si ble for the variably schistose texture. 

Pinstriped Quartz ite - This rock type is ex posed as cen ti -
me ter-scale beds of quartz ite within bi o tite granofels, rec og -
nized on weath ered sur faces by the char ac ter is tic weath er ing
pat tern.  Oc cur rences are noted on hill 281 east of Gray Sta tion
and north of the Pineland Hospital property.

Mus co vite-Gar net æ Tour ma line æ Bi o tite Gran ite and 
Migmatite (Cmgg)

This unit oc curs in the south west ern part of the quad ran gle, 
south and south west of the vil lage of Dry Mills.  It ex tends into
the Cum ber land Cen ter 7.5-min ute quad ran gle (Creasy, in prog -
ress) to the south and into the Ray mond 7.5-min ute quad ran gle
(Creasy, 1996) to the west.  On the ridge south west of Crys tal
Lake and west of Libby Hill, this unit is cut by mus co vite-bi o tite
granite. 

This unit is char ac ter ized by sev eral rock types hav ing
strong mineralogic sim i lar i ties but a range of tex tural ex pres -
sions or as pects.  These tex tural as pects re sult from vari a tion in
grain size and in the pres ence of a meta mor phic com po nent
(migmatite).  These as pects are com monly as so ci ated on the out -
crop scale.  Con tacts be tween migmatite and peg ma titic gran ite
are com monly gradational.  Be cause the map scale does not per -
mit sub di vi sion of this unit other than sche mat i cally and be cause
all are in ter preted to be rep re sen ta tions of the same meta mor -
phic/mag matic pro cesses, these rocks are grouped into a single
map unit. 

Heterotextural mus co vite-gar net æ tour ma line æ bi o tite
gran ite - This rock type ranges in tex ture from coarse gra nitic to
peg ma titic; ei ther as pect may oc cur in di vid u ally but fre quently
both are comp lexly dis trib uted in gradational con tact within sin -
gle out crops.  Mus co vite is abun dant, of ten form ing large span -
gles vis i ble even on weath ered sur faces.  Gar net is not uni formly
dis trib uted through out the rock but is al most in vari ably pres ent
within all out crops.  Tour ma line and less fre quently biotite are
present in pegmatitic varieties.  

Leucocratic mus co vite-gar net aplite - This leucocratic,
mus co vite-rich rock typ i cally forms cen ti me ter-scale lay ers
within the coarse-grained or peg ma titic gran ite; where pres ent,
out crops have crude deci me ter-scale lay er ing.  This as so ci a tion
is also pres ent in the ad ja cent Ray mond 7.5-min ute quad ran gle.
This bi modal tex tural-lithological as so ci a tion re flects het er o ge -
neous dis tri bu tion of volatiles within the pa ren tal anatectic
partial melts (Creasy, 1996). 

Migmatite - This rock type, sub or di nate in the Gray quad -
ran gle, con sists of mus co vite-gar net æ tour ma line æ bi o tite gran -
ite, as de scribed above, with in clu sions of bi o tite schist or
granofels or pelitic schist as par al lel fab ric el e ments.  The ra tio of 
gran ite to meta sedi ment var ies from 2:1 to 10:1.  The
metasedimentary com po nent sel dom ex ceeds 5 cm in thick ness

and more fre quently is 1-2 cm; spac ing of these pla nar fea tures
ranges from 5-30 cm.  With de creas ing abun dance of the
metasedimentary com po nent, the migmatite passes into the
granite.

Mus co vite-Bi o tite (or Two-Mica) Gran ite (Cg)

This unit oc curs through out the map area and ap pears to be
the most ex ten sive granitoid.  In the north west erly part of the
quad ran gle ,  good ex po sures are  pres  ent  along the
Androscoggin-Cum ber land County line north east of Shaker Vil -
lage and in ledges ad ja cent to Route 26 north of Crys tal Lake.  In
the south east ern part of the map area, small ex po sures are widely 
dis trib uted; one par tic u larly good ex po sure is south of the
Pownal Road on hill 281 east of Gray Sta tion.  Where weath ered, 
the two-mica gran ite has a gran u lar, al most fri a ble tex ture.  This
char ac ter is tic com bined with Qua ter nary gla cial ero sion may ac -
count for the pau city of out crop in the low lands; prox im ity to
more re sis tant lithologies (bi o tite gran ite in north west;
metasedimentary rocks in south east) may ac count for the
presence of two-mica granite outcrops at these places. 

This unit con sists of white to pale pink, me dium-grained
mus co vite-bi o tite gran ite.  The mus co vite is typ i cally coarser
grained (5 mm) and the bi o tite finer grained (2-3 mm) with these
min er als oc cur ring in subequal amounts.  Vari ants tend to have a
higher pro por tion of mus co vite rel a tive to bi o tite.  This unit is
rel a tively free of in clu sions of any type and is broadly ho mo ge -
neous in tex ture.  Mus co vite-bi o tite peg ma tite is pres ent in the
map area as clearly cross cut ting dikes within mus co vite-bi o tite
gran ite, mus co vite-gar net gran ite, and meta mor phic lithologies.
Peg ma titic as pects of this unit may form rel a tively ho mo ge neous 
out crops, particularly in the southeastern part of the quadrangle.

Bi o tite Gran ites

Bi o tite gran ite (Cbg) - This unit oc curs pri mar ily in the
north west ern por tion of the Gray quad ran gle.  It is best ex posed
on the steep south east erly slopes of  Lit tle Hill, Snows Hill and
hill 546 east and south of Sabbathday Lake.  Other ex po sures are
on hill 305 north of Cobbs Bridge in the north east ern cor ner of
the quad ran gle.  Scat tered out crops are pres ent in the south west
por tion of the map area. 

The gran ite is me dium-grained, lo cally subporphyritic, and 
con tains ac ces sory mus co vite and gar net in some oc cur rences.
The bi o tite gran ite is youn ger than the two-mica gran ite; how -
ever, the re verse re la tion ship is noted in the Ray mond quad ran -
gle (Creasy, 1996). 

Bi o tite-gar net gran ite (Cbgg) - Sev eral small ar eas of gar -
net-rich bi o tite gran ite are pres ent along the east ern mar gin of
the map area.  These rocks are con sid ered a vari ant of bi o tite
gran ite dif fer ing only in the abun dance of gar net.  As seen on the
ac com pa ny ing geo logic map, these oc cur rences are found where 
bi o tite gran ite and meta mor phosed sed i men tary rocks are in con -
tact or inferred to be in contact. 

Bedrock Geology of the Gray 7.5-minute Quadrangle, Maine
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Fo li ated bi o tite gran ite (Cbgf) - This unit is a me -
dium-grained bi o tite gran ite with a bi o tite fo li a tion.  It oc curs in
three widely sep a rated, small ar eas, the larg est pres ent south west 
of Colley Hill.  This fo li ated bi o tite gran ite is cut by mus co -
vite-bi o tite gran ite, in trudes (?) mus co vite-gar net gran ite, and is
older than non-foliated biotite granite.

Me so zoic dikes

Com pared with the Na ples and Ray mond quad ran gles to
the west (Creasy, 1996), very few Me so zoic dikes were noted in
the Gray quad ran gle.  The dikes con sist of ba salt or trachyte.
They are too thin to show as sep a rately mapped ar eas, so they are
in di cated by sym bols on the ac com pa ny ing geologic map.

STRUCTURAL  DATA

The struc tural data shown on the ac com pa ny ing map in -
cludes:  the ori en ta tion of fo li a tion within the meta mor phic rocks 
and the gran ites, the ori en ta tion of joints, and the ori en ta tion of
dikes.  Syn op tic rose di a grams and con toured pole di a grams for
each fea ture are in cluded in this re port (Fig ures 1-4).  For each
di a gram the num ber of data points (N) is given.  The con toured
pole plots are equal-area, lower hemi sphere pro jec tions, with
north to ward the top of the page.  The data for each fea ture were
sub di vided into geo graphic do mains (north west, north east,
south east, south west) cor re spond ing to the four quad rants of the
map area that roughly ap prox i mate dif fer ent bed rock do mains.
Dif fer ences among the four do mains can be seen from the
mapped data.  Fig ures il lus trat ing the in di vid ual do mains are not
in cluded in this re port, but char ac ter is tics of each domain are
described where appropriate in the following discussion.

Fo li a tion of Metasedimentary Rocks (Fig ures 1a, 1b)

The fo li a tion in the metasedimentary rocks, de fined by the
par al lel ori en ta tion of micas, de scribes a shal lowly dip ping,
gently un du lat ing sur face.  Compositional band ing, where pres -
ent, is par al lel to fo li a tion in al most all cases.  In the north west
do main of the  Gray quad ran gle ,  the  fo  l i  a  t ion of
metasedimentary rocks dips to the north west, while in the south -
east do main of the quad ran gle, the dips are to the south east.  In
the south west do main, the fo li a tion dips gently to the south west,
while in the north east do main foliation is approximately
horizontal.

Fo li a tion of Gran ites (Fig ures 2a, 2b) 

Fo li a tion is de fined by ori en ta tion of micas, usu ally bi o tite
in the gran ites, or of compositional lay er ing or fo li a tion in the
metasedimentary xe no liths.  Fo li a tion in the gran ites of the Gray
quad ran gle shows sev eral strike di rec tions in a rose di a gram
(Fig ure 2a).  The fo li a tion in gran ites of the north west do main of
the quad ran gle has two ma jor strike di rec tions, 235o and 75o,

shown in the rose di a gram (Fig ure 2a).  These cor re spond to rel a -
tively steeply dip ping ori en ta tions in the con toured di a gram of
poles to fo li a tion (Fig ure 2b).  In the north east do main of the
quad ran gle, two ma jor strike ori en ta tions, 135o and 325o, be long
to steeply dip ping fo li a tion.  Other strike di rec tions in the north -
east do main, 235o and 355o, be long to a sub-hor i zon tal fo li a tion.
Data for the other two do mains are sparse, but sug gest shal lowly
dip ping fo li a tion in the south west do main and steeply dipping
foliation with various strike directions in the southeast domain.

Joints (Fig ures 3a, 3b)

Joints are open brit tle frac tures in the rocks (usu ally about 1 
mm wide) that form re peated par al lel pla nar sur faces fre quently
en hanced by ero sion or weath er ing.  The rose di a gram of joint
mea sure ments (Fig ure 3a) from the Gray quad ran gle shows a
ma jor joint set with strikes of 235o and 65o, and a mi nor set with
strikes of 280o-310o and 125o.  The con toured di a gram of poles
to joints (Fig ure 3b) shows that most of the mea sured joints are
nearly ver ti cal.  Some sheet ing joints with sub-hor i zon tal ori en -
ta tion were mea sured, but these are not well represented in the
data. 

In the north west do main ma jor joint sets strike 35o and
235o; a mi nor joint ori en ta tion strikes 115o.  In the north east do -
main, ma jor joint ori en ta tions strike 65o, 235o, and 305o.  Joints
in the south west do main strike 25o, 115o, and 315o.  The south -
east do main has one ma jor joint ori en ta tion strik ing 25o  and two
mi nor ori en ta tions strik ing at 165o and 305o. 

Ori en ta tion of Dikes and Veins  (Fig ures 4a, 4b)

Ba saltic and trachytic dikes, peg ma titic and gra nitic dikes,
and quartz veins are un com mon in the Gray 7.5-min ute quad ran -
gle.  The small num ber of dikes and veins pre cludes any mean -
ing ful anal y sis by type or do main but, when these fea tures are
grouped to gether, a north east-strik ing, steeply dip ping ori en ta -
tion is ap par ent.  This north east erly trend is par al lel to major
joint orientations. 

DISCUSSION  OF  STRUCTURAL  DATA

The struc tural data seem to show two pos si ble cor re la tions
be tween data sets:  (1) cor re la tion be tween the ori en ta tions of
fo li a tion in metasedimentary rocks and in gran ite, and (2) cor re -
la tion of the ori en ta tions of joints and of dikes. 

The fo li a tion of metasedimentary rocks and of gran ite
show sim i lar, shal lowly dip ping ori en ta tions in con toured di a -
grams of poles, al though fo li a tion in gran ite has ad di tional, more 
steeply dip ping ori en ta tions.  This cor re la tion is well doc u -
mented in the north east do main where the gran ite fo li a tion and
meta sedi ment fo li a tion are flat-ly ing, but the gran ite has an ad di -
tional, more steeply dip ping fo li a tion.  Like wise, in the south east 
do main, fo li a tion in metasedimentary rocks and in gran ites dips
at low an gles to the south east.  In the south west do main, both
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Fig ure 2.  Ori en ta tion of fo li a tion (n=62) in granitoids of the Gray 7.5-min ute quad ran gle:  (a) rose di a gram; (b)  con toured pole plot. 

Fig ure 1.  Ori en ta tion of fo li a tion (n=108) in metasedimentary rocks of the Gray 7.5-min ute quad ran gle:  (a) rose di a gram; (b) con -
toured pole plot. 
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Fig ure 4.  Ori en ta tion of  all dikes and quartz veins in the Gray 7.5-min ute quad ran gle:  (a) rose di a gram; (b)  con toured pole plot.

Fig ure 3.  Ori en ta tion of joints (n=275) in the Gray 7.5-min ute quad ran gle:  (a) rose di a gram; (b)  con toured pole plot. 



foliations dip gently south west.  This cor re la tion may re sult from 
the gran ite in trud ing the meta sedi ments in a sheet-like man ner
par al lel to the fo li a tion in the meta sedi ments, im part ing a fo li a -
tion in the gran ite in the same gen eral di rec tion.  Al ter nately, if
meta sedi ments melted in situ to pro duce the gran ites, the bi o tite
may retain an orientation similar to that of the original and
adjacent metasediments. 

There ap pears to be a gen eral, sys tem atic change in the ori -
en ta tion of the fo li a tion:  in the north west do main fo li a tion dips
gently to the north west; in the south west do main, fo li a tion dips
gently to the south west; in the south east do main, fo li a tion dips
gently to the south east; and in the north east do main, the fo li a tion
is es sen tially hor i zon tal.  This may rep re sent a broad, re gional
antiformal fold within the meta sedi ments con tained within the
gran ite with a north east trend and gentle northeast plunge. 

Dikes and veins gen er ally strike north east-south west and
dip steeply to the south east or north west, par al lel to the ma jor
joints ob served in the Gray quad ran gle.  This par al lel ori en ta tion
is ev i dent in out crops where both dikes and joints are pres ent.
This cor re la tion re sults from the in jec tion of dikes and veins
along a pre ex ist ing joint struc ture.  Sub-hor i zon tal joints are also 
pres ent and prob a bly rep re sent sheet ing (ex pan sion) joints de -
vel oped dur ing ex hu ma tion; ori en ta tion of dikes or veins does
not coincide with sheeting orientations.

DISCUSSION  OF  THE  BEDROCK  GEOLOGY

Pre vi ous small-scale geo logic maps that in cluded the Gray
quad ran gle (Osberg and oth ers, 1985; Hussey, 1985) have
shown gran ite, as signed to the Sebago pluton, as the sole bed -
rock li thol ogy pres ent.  The pres ent, more de tailed in ves ti ga tion
con firms the ex ten sive oc cur rence of granitoids through out the
quad ran gle, rec og nizes sev eral min er al og i cally dis tinct,
mappable gran ite types, and rec og nizes the oc cur rence of
metasedimentary rocks in the south east ern and ex treme north -
east ern por tions of the quad ran gle.  These find ings are con sis tent 
with and an ex ten sion of units mapped in the Ray mond 7.5-min -
ute quad ran gle to the west (Creasy, 1996) and the Po land
15-min ute quad ran gle to the north (Creasy, 1979).  The Gray
quad ran gle is in the east ern portion of the Sebago pluton of
Osberg and others (1985). 

The bound ary sep a rat ing ar eas con tain ing sig nif i cant oc -
cur rences of meta mor phic rocks from those con tain ing few oc -
cur rences is in di cated on the ac com pa ny ing geo logic map.  This
bound ary may be of re gional (pluton-scale) sig nif i cance, but de -
tailed map ping in the Cum ber land Cen ter and North Pownal
7.5-min ute quad ran gles is needed for proper eval u a tion.  The in -
ferred con tacts for the granitoids in the map area cut across this
bound ary.  That is, the map at tempts to show the full ex tent of
granitoid in tru sions even where metasedimentary rocks may be
dom i nant and where in tru sion may be in the form of dikes or
irregularly-shaped bodies. 

The bound ary has some sig nif i cance in the dis tri bu tion of
mi nor, vari ant granitoids.  For ex am ple, the gar net-bi o tite gran -
ite is dis trib uted along this bound ary where the bi o tite gran ite is
in re gional con tact with the metasedimentary-rich area.  The fo li -
ated bi o tite gran ite, which ap pears to be older than the mus co -
vite-bi o tite gran ite, is also dis trib uted in the south ern part of the
map area near the boundary.

That east ern and cen tral parts of the Sebago pluton are
com plex and het er o ge neous, and are spa tially and ge net i cally re -
lated to high-grade meta mor phic rocks, has been pre vi ously doc -
u mented by map ping (Creasy, 1979, 1996) and by other stud ies
(Wise, 1995; Tomascak and oth ers, in press;  Hay ward, 1989;
Lathrop and oth ers, 1994).  In con trast, in the south west ern por -
tion of the Sebago pluton, within the North Sebago, Steep Falls,
and Sebago Lake 7.5-min ute quad ran gles (Creasy, in prog ress),
the pluton con sists of gen er ally ho mo ge neous me dium-grained
mus co vite-bi o tite gran ite.  These strik ing dif fer ences sug gest
cau tion in ap ply ing a sin gle name (Sebago pluton) and im ply ing
a simple origin for all the rocks in these areas. 

Behn’s model thick ness of the Sebago pluton, us ing the
mod i fied re sid ual grav ity anom aly, gives a thin (<.5 km), nearly
hor i zon tal east ern por tion (in clud ing the Gray and Ray mond
7.5-min ute quad ran gles) and a thicker (up to 2 km), sub-cir cu lar
west ern por tion (in clud ing the Sebago Lake and North Sebago
7.5-min ute quad ran gles) (Behn, 1996; Behn and oth ers, 1996).
This dif fers from pre vi ous mod els (Hodge and oth ers, 1982;
Carnese, 1983; Geoscience Ser vices of Sa lem, 1986) that de pict
the pluton as a sheet-like body of  rel a tively uni form thick ness.
Behn’s model is at trac tive in ex plain ing re gional dif fer ences as a
func tion of vari able ge om e try of granitoids with re spect to en -
clos ing migmatite and metamorphic rocks and the erosion
surface.

The re gional pat tern of fo li a tion in the Gray quad ran gle, as
noted in the struc tural dis cus sion, may re flect struc tural cul mi -
na tions and de pres sions de vel oped dur ing re gional de for ma tion
and meta mor phism that guided em place ment of the granitoids or 
may re flect de for ma tion by em place ment of granitoids.  The re -
gion ally ho mo ge neous tex ture of the two-mica and bi o tite gran -
ites, the gen eral lack of meta mor phic xe no liths, and ar eal
dis tri bu tion sup port em place ment of the two-mica and bi o tite
gran ites as a melt to form a pluton.  In con trast, the abun dance of
as so ci ated meta mor phic ma te rial, the pres ence of migmatite, the
con sis tency of fo li a tion of pla nar meta mor phic fab ric el e ments,
and the het er o ge neous tex ture of the mus co vite-gar net gran ite
and migmatite ar gue for an or i gin as an ear lier, ex ten sive, vol a -
tile-charged par tial melt ing zone as so ci ated with re gional
high-grade meta mor phism. The muscovite-garnet granite and
migmatite unit is intruded by two-mica and biotite granites. 

The north east-strik ing ori en ta tion of Me so zoic ba salt and
trachyte dikes, co in ci dent with the dom i nant joint ori en ta tion, is
con trolled by the re gional extensional stresses dur ing rift ing of
east ern North Amer ica in late Tri as sic-early Ju ras sic time
(McHone and Butler, 1984).

Bedrock Geology of the Gray 7.5-minute Quadrangle, Maine
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